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1
ZIRCON COMPONENTS

CO-PENDING APPLICATIONS

The present application claims priority from U.S. Provi-
sional Patent Application No. 61/419,231, filed Dec. 2, 2010,
entitled “Zircon Components,” naming inventors Julien P.
Fourcade and Olivier Citti, which application is incorporated
by reference herein in its entirety.

FIELD OF THE DISCLOSURE

The present disclosure is generally directed to zircon com-
ponents and methods of forming and using zircon compo-
nents.

BACKGROUND

Zircon materials are used for a variety of industrial appli-
cations, some of which take advantage of high corrosion
resistance properties possessed by zircon. One such applica-
tion is in glass melt furnaces, where zircon also displays
desirable glass contact qualities. However, further develop-
ment of materials for glass melt applications continue to be
demanded by the industry.

SUMMARY

According to an embodiment, a component includes a
body including zircon grains, the body having an outer por-
tion and an interior portion. Further, the body has an inter-
granular phase present between the zircon grains, the inter-
granular phase including silicon oxide, wherein
SO ,5<0.5S0,,, SO, is the weight percent of free silicon
oxide phase in the interior portion measured at a depth of
5000 microns from an outer surface, and SO, is the weight
percentage of the free silicon oxide phase in the outer portion,
measured at a depth of 100 microns from an outer surface.

The component may have a reduced silicon oxide phase
content in the outer portion, such as SO,,<0.4S0,,
SOp<0.280;,, SO,<0.180,4, or SO,<0.01SO,,. Fur-
ther, the SO, can be within a range of 1.0 to 5.0 wt %, such
as 1.5 t0 4.0 wt %, 1.75 t0 3.5 wt %, or 2.0 to 2.8 wt %.

The intergranular phase may be amorphous, and the silica
present in the amorphous phase may be present in an amount
of'not less than 80 wt % silica. Alternatively, the silicon oxide
present in the intergranular phase may be formed of crystal-
lized silica. The intergranular phase present in the interior
portion may have a silica content of at least 75 wt %, such as
at least 80 wt %, or at least 85 wt %.

The component may be formed mainly of ZrSiO,, such as
not less than 90 wt % ZrSiO,, not less than 95 wt % ZrSiO,,
not less than 97 wt %, or not less than 98 wt %. The compo-
nent may be a three dimensional structure having multiple
exterior portions, each terminating at an outer surface, and
wherein one, multiple or all exterior portions are treated such
that SO ,,<0.5S0,,.

The body of the component may have certain properties: (i)
an apparent porosity of less than 15%, such as within a range
01'0.05 to 10.0%, or 0.1 to 10%, (ii) a density within a range
of 3.84 to 4.49 g/cm?, such as 4.00 to 4.41 g/cm?, or 4.00 to
4.32 g/em’ 3, (iii) a modulus of rupture (MOR) of 60 to 190
MPa at room temperature, 4 point test, such as 100 to 190
MPa, or (iv) any combination thereof.

The actual form of the component can take on various
geometric forms. For example, the component can be in the
form of lips and mandrels (e.g., for a Danner process), bush-
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2

ing blocks, spouts, tubes, plungers, orifice rings, and stirrers.
Typically, the component is in the form of a forming block or
an isopipe.

The component may advantageously be a virgin material,
not having been exposed to a glass melt for glass processing,
and thereby free of glass penetrated into the pores originating
from a glass melt.

The outer portion may be formed by treating the body to
remove at least a majority of the silicon oxide contained in the
intergranular phase, from the outer portion.

The intergranular phase may be at least partially removed
from the outer portion, such that the outer portion has higher
porosity than the inner portion. The difference between
porosities in the interior portion and outer portion may be not
less than 1 vol %, such as not less than 2 vol %, 3 vol %, 4 vol
%, or not less than 5 vol %. The outer portion can be described
as a ‘denuded region’ in which the silicon oxide rich inter-
granular phase is partly or almost entirely removed. Gener-
ally, at least a majority of the silicon oxide rich intergranular
phase is removed.

The outer portion can extend to a depth of at least 100
microns, such as at least 200 microns, 300 microns, 500
microns, 600 microns, 700 microns, 800 microns, 900
microns, or at least 1000 microns from an outer surface.

Another embodiment is drawn to a method for treating a
zircon component. One method includes providing a body
containing zircon grains and an intergranular phase present
between the zircon grains, the intergranular phase containing
silicon oxide, and exposing the body to a halide to at least
partially remove the intergranular phase along an outer por-
tion of the component. The halide can be fluorine (F), and can
be provided by introducing at least one of HF, NH,HF,, or
NH,F into an aqueous solution. Here, HF is particularly use-
ful.

The exposing step can be carried out by exposing at least a
surface of the component to a fluid containing the halide,
wherein exposing (i) is carried out for at least 1 hour, such as
atleast 5, 10, 20, or 30 hours, and (ii) the halide is provided in
the fluid in the form of a halide compound, the fluid having a
concentration of halide compound within a range of 0.05 to
40 vol %, such as 0.1 to 35 vol %, 0.2 to 30 vol %, 0.5 to 20
vol %, or 1 to 5 vol %. Only a portion of the component can
be exposed to the halide for partial treatment, or the entirety
of the component can be exposed to the halide. After expo-
sure, the component can have an outer portion that was
exposed to the halide, and an inner portion to which the halide
did not penetrate, leaving the intergranular phase substan-
tially intact.

Machining of the body can be done prior to exposing. The
machining comprises (i) shape forming in which a mass of
material is removed from the component to define a new
shape, (ii) surface finishing, or (iii) a combination thereof.

After the component is exposed to the halide, the compo-
nent may be used in the context of glass manufacture, wherein
the component is exposed to a glass melt.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its
numerous features and advantages made apparent to those
skilled in the art by referencing the accompanying drawings.
Embodiments are illustrated by way of example and are not
limited in the accompanying figures.

FIG. 1 includes four plots of weight loss versus time for
four zircon bodies, each zircon body being treated with an
acid in accordance with an embodiment. The concentrations
of all four acids are different.
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FIG. 2 includes a bar graph displaying the apparent poros-
ity of 12 zircon bodies before and after a treatment in accor-
dance with an embodiment.

FIG. 3 includes four plots of the etching rate versus time for
four zircon bodies each zircon body being treated with an acid
in accordance with an embodiment. The concentrations of all
four acids are different.

FIG. 4 illustrates the typical microstructure of zircon mate-
rial before a treatment with HF in accordance with an embodi-
ment.

FIG. 5 illustrates the microstructure of a zircon sample
after an HF treatment in accordance with an embodiment.

FIG. 6 illustrates the transient blistering of an untreated
zircon body maintained at elevated temperature over a period
of time.

FIG. 7 illustrates a zircon body treated according to an
embodiment and subsequently maintained under the same
conditions as the zircon body illustrated in FIG. 6.

Skilled artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily
been drawn to scale. For example, the dimensions of some of
the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodi-
ments of the invention.

DESCRIPTION

A zircon body is provided that has an intergranular phase.
Commercially available zircon bodies can be utilized, and
suitable materials are disclosed in US 2010/0089098 and U.S.
Pat. No. 6,974,786. The content of materials described below
are in wt % unless explicitly stated otherwise. Porosity values
are in vol %.

Zircon Body

The zircon body is typically a sintered product produced
from a starting charge containing 75 to 99% zircon. This
sintered product has desirable creep resistance and high den-
sity. In one embodiment, the composition has the following
average chemical composition by weight, the percentages by
weight being based on the oxides:

60%=ZrO,+HfO,<75%;

27%=810,=34%;

0%=TiO,;

0%=<Y,0,=3.5%;

0%=Nb,05+Ta,05=5%; and

Other oxides: <1.5%

for a total of 100%.

Preferably, the product according to an embodiment also
has one or more of the following optional features:

Ta,05>0.00%, preferably Ta,0520.1%, preferably
Ta,0520.25%, in percentages by weight on the basis of
the oxides;

TiO,<1.5%, preferably TiO,<1%, more preferably
Ti0,<0.5%, even more preferably Ti0,<0.15% and,
even more preferably still, Ti0,<0.10% in percentages
by weight on the basis of the oxides. TiO, may even be
an impurity;

Nb,Os=1%, preferably Nb,05=<0.5%, preferably
Nb,05=<0.3%, Nb,05<0.25%, or even Nb,05<0.05% in
percentages by weight on the basis of the oxides;

the composition may also not contain any Nb,Os;

the total content of oxides Nb,O5 and Ta, Oy, preferably the
content of at least one of these oxides, and in particular
the content of Ta,Os, is greater than 0.2%, greater than
0.3%, preferably greater than 0.5% and more preferably
greater than 0.8%, in percentages by weight on the basis
of the oxides;
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the total content of the oxides Nb,O5 and Ta,Os, preferably
the content of at least one of these oxides, and in par-
ticular the content of Ta,Os, is less than 4% or 3%,
preferably less than 2%, preferably less than 1.7%, pref-
erably less than 1.5% and more preferably less than 1%,
in percentages by weight on the basis of the oxides;

Si0,230%;

ZrO,+Hf0,=<72.9% or ZrO,+H{0,<70%;

preferably the content of “other oxides™ (impurities) is less
than 1.2%, preferably less than 1%, more preferably less
than 0.7%, even more preferably less than 0.5% and
more preferably still less than 0.2%, in percentages by
weight on the basis of the oxides;

P,0,<1%, preferably P,0,<0.9%, more preferably
P,05<0.5%, even more preferably P,05<0.3%, and
even more preferably still P,0<0.2%, in percentages
by weight on the basis of the oxides;

V,05<1%, preferably V,05<0.9%, more preferably
V,05<0.5%, even more preferably V,05<0.3%, and
even more preferably still V,05<0.2%, in percentages
by weight on the basis of the oxides;

Al,O;<1%, preferably Al,0,<0.6%, more preferably
Al,0,<0.4%, in weight the basis of the oxides;

Ca0<0.1%, preferably Ca0<0.05%, in percentages by
weight on the basis of the oxides;

Fe,0;<0.2%, preferably Fe,0,<0.08%, in percentages by
weight on the basis of the oxides;

the zircon content in the starting charge is greater than or
equal to 80%, preferably greater than 90%, preferably
greater than 95%, as percentages by weight on the basis
of the oxides;

the product of an embodiment contains more than 80% by
weight of zircon (ZrSi0,);

the apparent porosity is more than 0.1%, more than 2%, or
more than 4%;

the apparent porosity is less than 15%, or less than 10% or
even less than 8%;

the body may be in the form of a block, at least one of the
dimensions of which, preferably all the dimensions of
which, are greater than 100 mm. In particular, the block
may be square or rectangular shaped;

In one embodiment, the zirconia in the product may be at
least partially stabilized with one or more oxide of a rare earth
element. The term “rare earth” or “rare earth element is
intended to mean, Sc, La, and the Lanthanides (Ceto Lu) in
the Periodic Table of the Elements. In chemical formulas, a
rare earth element is represented by “RE.”

In one embodiment, the zirconia content in the product is
greater than 5%, preferably greater than 10%, and less than
15%, in percentages by weight on the basis of the oxides. The
zirconia in the product may be at least partially stabilized with
yttrium oxide, the percentage by weight of stabilized zirconia
being greater than 10%, preferably greater than 20%, of the
Zirconia.

In one embodiment, the zirconia content in the product is
less than 15% by weight on the basis of the oxides. The
zirconia in the product may be at least partially stabilized with
yttrium oxide, the percentage by weight of stabilized zirconia
being greater than 10%, preferably greater than 20%, of the
Zirconia.

In one embodiment, the Y,O, content may be greater than
0.05%, greater than 0.10%, greater than 0.15% and even
greater than 0.5%, in percentages by weight on the basis of the
oxides.

The yttrium oxide content Y ,O; is less than 3%, preferably
less than 1.7% and more preferably less than 1%, in percent-
ages by weight on the basis of the oxides. Advantageously, a
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significant modification of the crystalline phases is thus
avoided, as are therefore the risks of feasibility problems
associated with an increase in rigidity.

Manufacturing a sintered product may use the following
steps:

a) raw materials are mixed to form a starting charge;

b) a green part is formed from said starting charge; and

¢) said green part is sintered so as to obtain said sintered

product, said process being noteworthy in that the start-
ing charge is determined in such a way that said product
is in accordance with an embodiment.

Preferably, zircon, and optionally zirconia, is added in step
a) in amounts such that the total of the zircon and zirconia
contents represents at least 95% of the starting charge, as a
percentage of the weight on the basis of the oxides.

In one embodiment, in step a), monoclinic zirconia, at least
1% of silica, or any combination thereof are added to the
starting charge, in percentages by weight on the basis of the
oxides. According to an embodiment, the starting charge
contains at least 75%, preferably at least 80%, zircon.

The zircon may be provided by zircon sand (natural or
synthetic, optionally milled) or else a chamotte of dense
products having a high zircon content. The composition
according to an embodiment, determined by chemical analy-
sis, supplies only the overall SiO, and ZrO, contents, without
distinguishing the corresponding zircon contents.

Zirconia exhibits large dilatometric variations due to its
change of crystallographic state at high temperature. To limit
these dilatometric variations, in particular in large blocks, it
can be important to limit the zirconia content. The starting
charge should therefore contain less than 25% zirconia, this
being provided by having a zircon content of at least 75%.

The zirconia-containing raw materials also contain small
amounts of HfO, (1.5 to 2%) and, according to the usual
practice, these two oxides are not distinguished from each
other.

Optional yttrium oxide, provided with the zirconia or pro-
vided separately, may also be added to the starting charge. At
least 1% yttrium oxide, in percentages by weight on the basis
of the oxides, may be added. However, it is desirable to limit
the amount of yttrium oxide in order to avoid dissociation of
the zircon at high temperature. The yttrium oxide content is
therefore limited to 3.5%.

In an embodiment, no Y,O,, associated with zirconia or
provided separately, is added to the starting charge. However
Y,0; may still be an impurity.

In one embodiment, the zirconia in the product is at least
partially stabilized with yttrium oxide, the percentage by
weight of stabilized zirconia being greater than 10% of the
zirconia. For this purpose, the zirconia should be introduced
in unstabilized form and the yttrium oxide should be added to
the starting charge separately.

Preferably, in step a) niobium oxide, tantalum oxide, or a
combination thereof, is added in amounts guaranteeing that
the sintered product obtained in step c¢) is in accordance with
an embodiment of the present application.

According to an embodiment, the sintered product option-
ally contains titanium oxide, niobium oxide, tantalum oxide,
or any combination thereof. Addition of niobium oxide, tan-
talum oxide, or a combination thereof can help to sinter and
improve the creep resistance of the zircon-based refractory
product. Advantageously, this can also avoid having to add
titanium oxide. This is because titanium oxide is known by
those skilled in the art as being an additive that promotes
bubbling of the zircon in very many specialty glasses. It is
therefore desirable to limit the concentration of TiO,.
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The SiO, content of the product according to an embodi-
ment corresponds to the SiO, content of zircon and to free
silica. In one embodiment, at least 1% of silica is added to the
starting charge so as to promote the onset of densification at
lower temperatures than would be needed to densify pure
Zircon.

The “other oxides” are oxides such as Na,O, Al,O;, P,O;
or Fe,0;. The contents of Na,O (which promotes the disso-
ciation of zircon) and of Fe, O, should be minimized. Prefer-
ably, these oxides are impurities provided by the raw materi-
als, which oxides are not necessary constituents but are
merely tolerated. At contents of less than 1.5%, it is consid-
ered that the effect of these “other oxides” does not substan-
tially modify the result obtained.

Preferably, the content of each of the abovementioned
oxides in the sintered product according to an embodiment is
less than 0.5%, more preferably less than 0.3% and more
preferably still less than 0.15% in percentages by weight on
the basis of the oxides.

Zircon Body Treatment

Generally, the zircon body embodiments described in the
previous section are composed of zircon grains and an inter-
granular phase is present between these zircon grains. The
intergranular phase contains silicon oxide. The silicon oxide
is generally present in free-form, meaning silica (Si0,) that
does not form part of the zircon crystal of the grains. The
present inventors have found that certain characteristics of the
above-described zircon body embodiments can be modified
by subjecting the zircon bodies to certain treatments. As a
result of such treatments, zircon components having unex-
pected and advantageous properties can be produced.

Following the formation of a zircon body or otherwise
commercially sourcing a zircon body, the body can be option-
ally machined into a set of final dimensions. Machining can
include one or both of bulk material removal and surface
finishing. Generally machining is carried out before further
treatment. Following machining the body is cleaned.

After optionally machining and cleaning, the zircon body
is exposed to a halide to at least partially remove the inter-
granular phase along an outer portion of the component.
Generally, at least the surface of the component that will be
exposed to silicon melt when used in the context of glass
manufacture is exposed to the halide treatment. Treatment
can be done by spraying the target surface, by soaking a
portion or the entire body in the halide-containing solution, or
by a combination thereof. A particular halide of choice is
fluorine (F). In the case of fluorine, it may be introduced into
the solution by any one of various forms, including HF,
NH_HF, or NH,F, although HF may be typically used due to
its efficacy and availability. Exposure of the body to the halide
treatment can be carried out for a wide range of times such as
from 1 hourto 30 hours, including exposure periods of at least
5 hours or at least 10 hours or at least 20 hours. Generally, the
halide is in the form of a compound as noted above, and that
compound is provided in solution within a range 0f'0.05 to 40
vol %, such as 0.1 to 35 vol %, 0.2 to 30 vol %, 0.5 to 20 vol
%, or 1 to 5 vol %. Rather, it is present in the intergranular
phase generally free of the zirconia component.

After exposure is completed, the body has thus formed an
outer portion that was exposed to the halide, and an inner
portion to which the halide did not penetrate leaving the
intergranular phase substantially intact along this inner por-
tion. After subsequent cleaning, the body can thus be utilized
for glass component manufacture by exposing the body to a
glass melt.

Turning to the characteristics of the thus formed compo-
nent, the resulting material has an outer portion that has a
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reduced content phase of silicon oxide relative to the inter-
granular phase of the interior portion. The outer portion can
have less than 50%, less than 40%, less than 20%, less than
10%, less than 1%, of the silicon oxide content in the interior
portion, or even be devoid of detectable free silicon oxide.

The silicon oxide content of the reduced content phase of
the outer portion and the intergranular phase of the interior
portion can be determined

The amount of free silica present in a sample taken from
either the intergranular or reduced silicon oxide phases of the
corresponding interior and exterior portions of a treated zir-
con body can be measured by one of the following techniques.

In a first technique, a sample is crushed and placed into a
solution of HF, whereby silica and zirconium is leached into
the HF solution from the crushed material. The total amounts
of silica and zirconium leached are then individually deter-
mined. The portion of leached silica attributable to the zircon
grains is equivalent to the amount of total leached zirconium
because zirconium and silica dissociate from zircon accord-
ing to the zirconium:silica stoichiometric ratio of zircon (i.e.
1:1), and the amount of free silica of the intergranular phase
can be back-calculated by subtracting the total leached zirco-
nium from the total leached silica.

Alternatively, instead of measuring the content of leached
silicon oxide, the solids remaining after leaching can be dried
and weighed. The amount of free silica of the intergranular
phase can be calculated by substracting the solid remains, the
amount of leached zirconium, and an amount of silicon oxide
stoichiometrically equivalent to the amount of leached zirco-
nium from the weight of the original sample.

In a second technique, a surface of the sample is polished
from a treated zircon component by drilling or cutting. SEM-
WDS elemental mapping of Si can then be performed on a
50x50 micron square of the polished surface. From the Si
map generated, the surface area of zircon grains can then be
discriminated from the surface area of the silicon oxide rich
intergranular phase because zircon contains approximately
32% Si0O, whereas the intergranular phases have a signifi-
cantly higher SiO, content. A surface percentage of silicon
oxide can be measured from the Si map by using image
analysis tools (e.g., VISILOG X-PERT). The weight can then
be derived from the surface measurements using a density of
4.67 g/em?® for zircon and 2.6 g/cm® for the silicon oxide rich
intergranular phases.

As a nondestructive alternative to testing a treated zircon
body, the first and second techniques can be used on a small
sample piece (25 mmx25 mmx25 mm, for example) compris-
ing the same material as the untreated body and concurrently
treated under the same conditions as the body. The first and
second techniques could then be used on the sample piece to
obtain useful data pertaining to the larger body without sub-
jecting the body to core-drilling or destructive material
removal techniques.

The reduced content can be quantified as SO,z<0.5
SO-50,<0.480,,, such as SO,z<0.2S0,,, or
SO ,<0.180,,, or SO,<0.01S0,, represents the wt % of
the free silicon oxide in the intergranular phase of the interior
portion at a depth of 5000 microns from an outer surface and
SO, 1s the wt % of the free silicon oxide in the outer portion
measured at a depth of 100 microns. Further, SO,, may be
within a range of 1.0to 5.0 wt %, such as 1.5 t0 4.0 wt %, 1.75
to 3.5 wt %, or 2.0 to 2.8 wt %. The foregoing measuring
depths have been chosen to ensure accurate measurements of
the composition of the intergranular phase in the outer
(treated) and inner (untreated) portions of the body. The
depths are measured according to the distance into the body
along a line that is perpendicular to an outer surface of the
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component or if such outer surface is not planar (curved) than
the line perpendicular to the tangent plane to the outer sur-
face.

Generally, the intergranular phase of the body is amor-
phous or crystalline. In the case of an amorphous intergranu-
lar phase, typically the silicon oxide forms at least 80 wt % of
the amorphous phase.

As described above, the body is comprised mainly of
ZrSi0,, such as not less than 90 wt %, not less than 95 wt %,
not less than 97 wt %, or not less than 98 wt % ZrSiO,.
Additionally, the body can have at least one of the following
properties: (i) an apparent porosity of less than 15%, such as
within a range 0 0.05 to 10.0%, or 0.1 to 10.0%; (ii) a density
within a range of 3.84 to 4.49 g/cm?, such as 4.00 to 4.41
g/cm®, or 4.00 to 4.32 g/cm?; (iii) MOR of 60 to 190 MPa at
room temperature, 4 point test, such as 100to 190 MPa, or (iv)
any combination thereof.

Inreference to the intergranular phase that remains intact in
the interior portion, the intergranular phase generally con-
tains at least 75 wt %, such as at least 80 wt %, or at least 85
wt % silica.

As noted above, the component can be in the form of a
forming block, used for glass manufacture, or an isopipe, a
structure known the art. The component can take a variety of
other forms. For example, the component can be in the form
of'a lip, a mandrel, a bushing block, a spout, a tube, a plunger,
an orifice rings, or a stirrer.

As a consequence of treatment, the intergranular phase
along the outer portion is at least partially removed, thereby
forming a higher porosity in the outer portion of the compo-
nent. This higher porosity in the outer portion can be quanti-
fied, in terms of the difference in porosities between the
interior and outer portions. Typically, this difference is not
less than 1 vol %, such as not less than 2, 3, 4, 5, or not less
than 6 vol %. Additionally, although the depth of the outer
portion is dependent upon the details of the halide treatment
(concentration of solution, dwell times, etc.), typically the
outer portion extends to a depth of at least 100 microns, such
as at least 200, 300, 500, 700, 800, 900 or at least 1000
microns.

Another embodiment of the present application relates to
the use of a refractory product according to an embodiment,
or one manufactured using a process according to an embodi-
ment, in a glass furnace, in particular, in furnace zones that are
in contact with molten glass.

An embodiment also relates to a glass furnace comprising
a zircon component made according to one of the treatment
methods embodied in the present application.

When used as components in a glass furnace, untreated
zircon materials tend to demonstrate a high level of bubbling
of the glass melt during initial use. This period of transient
blistering is highly undesirable for glass formation. By treat-
ing a zircon body with HF according to embodiments of the
present application, the period of transient blistering can be
greatly reduced by a factor of 2 or more. In some cases, the
period of transient blistering can be reduced by up to a factor
of 10 or more.

Inthe present description and in accordance with the usage,
“zirconia” refers to ZrO, molecules that are not associated
with SiO, molecules to form zircon. Likewise, “silica” refers
to Si0, molecules that are not associated with ZrO, mol-
ecules to form zircon.

The term “impurities” is understood to mean inevitable
constituents, necessarily introduced with the raw materials or
resulting from reactions with these constituents.

The term “free” used in connection with silicon oxide or
silica as used herein refers to silicon oxide that is not crystal-
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lographically bound to zirconia in the zircon grains, rather, it
is typically silicon oxide that is present in the intergranular
phase, not part of the zircon grains, but which may have other
species with which the free silicon oxide can form a solid
solution, such as zirconia and possibly minor amounts of
other species such as tantalum oxide.

Unless mentioned otherwise, all the percentages are per-
centages by weight on the basis of the oxides.

Many different aspects and embodiments are possible.
Some ofthose aspects and embodiments are described herein.
After reading this specification, skilled artisans will appreci-
ate that those aspects and embodiments are only illustrative
and do not limit the scope of the present invention.

Embodiments may be in accordance with any one or more
of the items as listed below.

Item 1. A component comprising:

abody comprising zircon grains, the body having an outer
portion and an interior portion; and

an intergranular phase present between the zircon grains,
the intergranular phase comprising silicon oxide,

wherein SO ,<0.580,,, SO, is the weight percent of free
silicon oxide phase in the interior portion measured at depth
of 5000 microns from an outer surface, and SOY” is the
weight percentage of free silicon oxide phase in the outer
portion, measured at a depth of 100 microns.

Item 2. The component of Item 1, wherein SO®?<0.4SO™,
such as S0O%<0.280,,, or S0,z<0.180,, or
SO,<0.01S0,,.

Item 3. The component of Item 1, wherein the intergranular
phase comprises an amorphous phase, the silicon oxide is
amorphous, and the amorphous phase contains not less than
80 wt % silicon oxide.

Item 4. The component of Item 3, wherein silicon oxide
present in the intergranular phase comprises crystallized
silica.

Item 5. The component of Item 1, wherein SO, is within a
range of 1.0 to 5.0 wt %, such as 1.5t0 4.0 wt %, 1.75t0 3.5
wt %, or 2.0 to 2.8 wt %.

Ttem 6. The component of Item 1, wherein the body is
comprised mainly of ZrSiO,, such as not less than 90 wt %
ZrSi0,, not less than 95 wt % ZrSiO,, not less than 97 wt %,
or not less than 98%.

Item 7. The component of Item 1, wherein the component
is a three dimensional structure having multiple exterior por-
tions, each terminating at an outer surface, and wherein at
least one of the exterior portions are treated such that
SO,<0.580,,.

Item 8. The component of Item 1, wherein the body has a
property including:

an apparent porosity of less than 15%, such as within a
range of 0.05 to 10.0%, or 0.1 to 10%;

adensity within a range of'3.84 to 4.49 g/cm?, such as 4.00
g/cm® to 4.41 g/cm?, or 4.00 g/em to 4.32 g/em?;

MOR of 60 to 190 MPa at room temperature, 4 point test,
such as 100 to 190 MPa; or

any combination thereof.

Ttem 9. The component of Item 1, wherein the intergranular
phase present in the interior portion has a silica content of at
least 75 wt %, such as at least 80 wt %, or at least 85 wt %.

Item 10. The component of Item 1, wherein the component
is in the form of a forming block.

Item 11. The component of Item 1, wherein the component
is in the form of a glass forming apparatus or the component
of a glass forming apparatus.

Item 12. The component of Item 1, wherein the component
is in the form of an isopipe, a lip, a mandrel, a bushing block,
a spout, a tube, a plunger, an orifice ring, or a stirrer.
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Ttem 13. The component of Item 1, wherein the outer
portion is formed by treating the body to remove at least a
majority of the silicon oxide contained in the intergranular
phase, from the outer portion.

Item 14. The component of Item 1, wherein the component
is a virgin material, not having been exposed to a glass melt
for glass processing.

Item 15. The component of Item 1, wherein the intergranu-
lar phase is a least partially removed from the outer portion,
such that the outer portion has higher porosity than the inner
portion.

Ttem 16. The component of Item 1, wherein the outer
portion extends to a depth of at least 100 microns, such as at
least 200 microns, 300 microns, 500 microns, 600 microns,
700 microns, 800 microns, 900 microns, or at least 1000
microns.

Ttem 17. The component of Item 1, wherein the outer
portion has higher porosity than the interior portion, such that
the difference between porosities in the interior portion and
outer portion is not less than 1 vol %, such as not less than 2
vol %, 3 vol %, 4 vol %, or not less than 5 vol %.

Item 18. A method for treating a zircon component com-
prising:

providing a body comprising zircon grains and an inter-
granular phase present between the zircon grains, the inter-
granular phase comprising silicon oxide,

exposing the body to ahalide to at least partially remove the
intergranular phase along an outer portion of the component.

Item 19. The method of Item 18, wherein the halide is F.

Item 20. The method of Item 19, wherein the halide is
provided in solution by introducing HF, NH,HF,, NH,F, or
any combination thereof.

Item 21. The method of Item 20, wherein the halide is
provided in solution by introducing HF.

Item 22. The method of Item 18, exposing is carried out by
exposing at least a surface of the component to a fluid con-
taining the halide, wherein exposing is carried out for at least
1 hour, such as at least 5, 10, 20, or 30 hours, and the halide is
provided in the fluid in the form of a halide compound, the
fluid having a concentration of halide compound within a
range 0f0.05 to 40 vol %, such as 0.1 to 35 vol %, 0.2 to 30 vol
%, 0.5 to 20 vol %, or 1 to 5 vol %.

Item 23. The method of Item 18, wherein the silicon oxide
is present as SiO2.

Item 24. The method of Item 18, wherein only a portion of
the component is exposed to the halide.

Item 25. The method of Item 18, wherein an entirety of the
component is exposed to the halide.

Item 26. The method of Item 20, wherein after exposure the
component has an outer portion that was exposed to halide,
and an inner portion to which the halide did not penetrate,
leaving the intergranular phase substantially intact.

Item 27. The method of Item 18, further comprising
machining the body prior to exposing.

Item 28. The method of Item 27, wherein the machining
comprises shape forming in which a mass of material is
removed from the component to define a new shape, surface
finishing, or a combination thereof.

Item 29. The method of Item 17, wherein, after exposing
the component to the halide, the component is used in a glass
manufacturing process and exposed to a glass melt.

EXAMPLES

In an “isothermal” creep test, a four-point bending test
configuration is used (the distance of L. between the outer
supports was 80 mm and the distance I between the inner
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supports was 40 mm). A strip measuring 8 mmx9 mmx100
mm is placed on these supports and a stress of 2 MPa is
applied at the centre of the strip, the temperature being kept
constant and equal to 1275°. The change in sag (in mm) of the
strip over 50 hours is recorded. The mean deformation rate
(V ), given in mm/mm/hour, is then calculated.

The density is determined on three weighings of each
specimen. A first weighing, of the dry specimen (after drying
at 110° C.), gave the weight W, . Next, a wet specimen is
prepared by taking a specimen that had been under vacuum
for 30 minutes and then immersed in water so as to impreg-
nate the accessible pore volume of the material.

Weighing this wet specimen gave the weight W, .. Finally,
weighing the specimen in water gave W ..

W.em W, s provides a measure of the total volume of the

specimen excluding accessible porosity. The bulk density of
the material corresponds to the ratio of the W, /(W,,.~
Wwater)'
The apparent porosity is deduced from these measure-
ments considering that the difference W, ~W ., corre-
sponds to the volume of the open porosity infiltrated with
water. The ratio W,,,~W, /(W, ~W *100 gives the
apparent porosity proportion.

The average chemical composition of the various products
treated in the following examples, and the results of charac-
terization tests of those products, are given in Table 1 (the
percentages by weight being on the basis of the oxides).
Products 1 through 6 correspond to conventional formula-
tions or zircon materials before treatment with a halide. The
content of minor oxides, such as P,O,, Fe,Oj;, etc., is not
given in the table. The total content of minor oxides is less
than 1%.
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taken with respect to the passage of time. The other two
samples remained in solution for the duration. FIG. 1 illus-
trates the relationship between the strength of the HF solution
and weight loss the samples due to depletion of silicon oxide
from the outer portion of the sample over time. FIG. 2 illus-
trates the relationship between the strength of the HF treat-
ment and percent change in the apparent porosity over the 17
day period. Reviewing the bar graphs of FIG. 2 from left to
right, the first two of every three pairs of before-and-after bar
graphs represent the samples that were not removed from
solution over time.

FIG. 3 illustrates the relationship between the strength of
the HF solution and the rate at which the HF solution etches
the silicon oxide from the outer portion of the samples as a
function of time.

Example 13, illustrated by FIGS. 4 and 5, demonstrates the
effect of the HF solution on the microstructure of the outer
portion of a zircon component. In FIG. 4, the microstructure
of anuntreated sample corresponding to material number 4 is
shown. In FIG. 5, the microstructure of a zircon sample after
an HF treatment according to an embodiment of the present
application is shown. From a comparison of the sample of
FIG. 4 and the sample of FIG. 5, it is clear that the HF
treatment increases the porosity of the outer portion of the
zircon sample components.

InExample 14, a sample corresponding to material number
6 treated with a 20% HF sol for 72 hours was heated at 1250°
C. for 72 hours in a sample of LCD glass. A photo of the
sample after heating is shown in FIG. 7. In Example 15, an
untreated sample, identical to the sample of Example 14
before treatment, is subjected to the same heating conditions.
A photo of the sample after the heat treatment is shown in

TABLE 1
7105 +
HfO, Si0, TiO, ALO; Additive Vg Density
No. (%) (%) (%) (%)  Additive (%) (1275°C.) (g/em?)
1 64.7 324 015 038 TIO, 0.45 45% 107 428
2 65 33 0.15 030 TiO, 0.2 3.2x 107 417
3 64.5 324 008 041 Ta,0s 0.92 45%x10% 413
4 65.9 324 011 038 Ta,04 0.95 / 4.20
5 65.9 324 / 0.38  Ta,05 0.8 41x 10  4.26
6 65.9 324 / 0.35 Tay,0s5 0.95 44x107° 432

The examples show that the addition of TiO, or Ta,Os
makes it possible for the creep deformation to be very signifi-
cantly reduced.

Moreover, it has also been found that the presence of Ta, O
advantageously makes it unnecessary to add titanium oxide in
order to obtain sufficient densification. This is because the
density of the products of an embodiment is equivalent to or
greater than that of the reference product.

Referring to Table 1, the best compromises between resis-
tance to creep deformation and high density were obtained
with Ta,O; contents higher than 0.9%.

In the following examples, samples of zircon correspond-
ing to materials 1 through 6 of Table 1 were subjected to
halide treatment in accordance with embodiments of the
present invention.

In Example 1-12, 12 zircon samples corresponding to
material number 4 of Table 1 were subjected to 4 HF treat-
ments over a period of 17 days. The four HF solutions had
concentrations of'a 1% sol, a 0.5% sol, a0.2% sol, and a 0.1%
sol.

One sample for each of the 4 HF treatments was removed
from the HF solution daily so that measurements could be
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FIG. 6. FIG. 6 clearly shows significant bubbling of the glass
near the surface of zircon component, whereas FIG. 7 shows
little or no bubbling.

Results similar to those observed in Examples 13 and 14
were also obtained for samples corresponding to numbers 1-3
and 5-6 under similar conditions. That is, significantly
reduced bubbling was observed in the treated samples com-
pared to the untreated samples after heat treatment.

Reduction of transient blistering is a particularly advanta-
geous characteristic in zircon materials. For example, this
reduced transient blistering is useful in the context using
zircon components in glass furnaces. The initial use of a glass
furnace comprising zircon materials is typically accompanied
by a transient blistering period. During startup of the manu-
facturing process, the first glass articles leaving the forming
apparatus blister as they touch the virgin surface of the refrac-
tory for the first time. Depending on the application, transient
blistering can last from a couple of days to several weeks.
During the transient blistering period, most of the production
must be rejected, which incurs significant business losses.
Accordingly, it would be desirable to reduce or eliminate the
length of the transient blistering period.
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After treatment, the apparent porosity of samples treated in
the 1% sol and the 0.5% sol were found to have increased by
approximately 2%, the sample treated in the 0.2% sol
increased by approximately 1.6%, and the sample treated in
the 0.1% sol increased by approximately 0.6%.

A zircon body was submerged in a bath of HF solution for
24 hours. Different solutions were chosen for various
samples, including a 25% sol, a 5% sol and a NH,F solution.
The samples were removed from the tank, cleaned, and dried.

In use, it was found that treated components having the
above-described outer portion that is at least partially
depleted of free silicon oxide, showed markedly enhanced
performance. In use, untreated zircon components tend to
demonstrate a high level of bubbling of the glass melt, which
is highly undesirable for glass formation. In contrast, treated
examples were found to have virtually no bubbling, or nota-
bly reduced bubbling. It is believed that the marked reduction
in free silica in the outer portion, which tends to come in
contact with the glass melt, is responsible for the reduced
bubbling and or blistering within the glass melt.

Note that not all of the activities described above in the
general description or the examples are required, that a por-
tion of a specific activity may not be required, and that one or
more further activities may be performed in addition to those
described. Still further, the order in which activities are listed
are not necessarily the order in which they are performed.

In the foregoing specification, the concepts have been
described with reference to specific embodiments. However,
one of ordinary skill in the art appreciates that various modi-
fications and changes can be made without departing from the
scope of the invention as set forth in the claims below.
Accordingly, the specification and figures are to be regarded
in an illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the scope of
the invention.

As used herein, the terms “comprises”, “comprising”,

“includes”, “including”, “has”, “having” or any other varia-
tion thereof, are intended to cover a non-exclusive inclusion.
For example, a process, method, article, or apparatus that
comprises a list of features is not necessarily limited only to
those features but may include other features not expressly
listed or inherent to such process, method, article, or appara-
tus. Further, unless expressly stated to the contrary, “or”
refers to an inclusive-or and not to an exclusive-or. For
example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not present),
A is false (or not present) and B is true (or present), and both
A and B are true (or present).
Also, the use of “a” or “an” are employed to describe
elements and components described herein. This is done
merely for convenience and to give a general sense of the
scope of the invention. This description should be read to
include one or at least one and the singular also includes the
plural unless it is obvious that it is meant otherwise.

Benefits, other advantages, and solutions to problems have
been described above with regard to specific embodiments.
However, the benefits, advantages, solutions to problems, and
any feature(s) that may cause any benefit, advantage, or solu-
tion to occur or become more pronounced are not to be con-
strued as a critical, required, or essential feature of any or all
the claims.

After reading the specification, skilled artisans will appre-
ciate that certain features are, for clarity, described herein in
the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various
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features that are, for brevity, described in the context of a
single embodiment, may also be provided separately or in any
subcombination. Further, references to values stated in ranges
include each and every value within that range.

What is claimed is:

1. A component comprising:

a body comprising zircon grains, the body having an outer

portion and an interior portion; and

an intergranular phase present between the zircon grains,

the intergranular phase comprising silicon oxide,
wherein SO,,<0.580,,, SO, is the weight percent of
silicon oxide phase in the interior portion measured at
depth of 5000 microns from an outer surface, and SO,
is the weight percentage of free silicon oxide phase in the
outer portion, measured at a depth of 100 microns.

2. The component of claim 1, wherein SO, ,<0.4S0.

3. The component of claim 1, wherein the intergranular
phase comprises crystallized silicon oxide and an amorphous
phase containing amorphous silicon oxide, the amorphous
phase contains not less than 80 wt % silicon oxide.

4. The component of claim 1, wherein SO,, is within a
range of 1.0 to 5.0 wt %.

5. The component of claim 1, wherein the body is com-
prised mainly of ZrSiO,,.

6. The component of claim 1, wherein the component is a
three dimensional structure having multiple exterior portions,
each terminating at an outer surface, and wherein at least one
of the exterior portions are treated such that SO ,,<0.5S0 .

7. The component of claim 1, wherein the body has a
property including:

an apparent porosity of less than 15%;

a density within a range of 3.84 to 4.49 g/cm®;

MOR of 60to 190 MPa at room temperature using a 4 point

test; or

any combination thereof.

8. The component of claim 1, wherein the intergranular
phase present in the interior portion has a silica content of at
least 75 wt %.

9. The component of claim 1, wherein the component is in
the form of a forming block.

10. The component of claim 1, wherein the component is in
the form of a glass forming apparatus or the component of a
glass forming apparatus.

11. The component of claim 1, wherein the component is in
the form of an isopipe, a lip, a mandrel, a bushing block, a
spout, a tube, a plunger, an orifice ring, or a stirrer.

12. The component of claim 1, wherein the outer portion is
formed by treating the body to remove at least a majority of
the silicon oxide contained in the intergranular phase, from
the outer portion.

13. The component of claim 1, wherein the component is a
virgin material, not having been exposed to a glass melt for
glass processing.

14. The component of claim 1, wherein the intergranular
phase is a least partially removed from the outer portion, such
that the outer portion has higher porosity than the inner por-
tion.

15. The component of claim 1, wherein the outer portion
extends to a depth of at least 100 microns.

16. The component of claim 1, wherein the outer portion
has higher porosity than the interior portion, such that the
difference between porosities in the interior portion and outer
portion is not less than 1 vol %.
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